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NOTATION 


CR Drag coefficient, pede 
$0 dV? 

Diameter of cable 

F Drag per unit length of cable when cable is parallel to the 
stream 

f Ratio F/R 

R Drag per unit length of cable when cable is perpendicular to the 
stream 

Ss Scope (length) of cable 

aL Cable tension at the ship 

As Cable tension at the towed body 

V Speed 

WwW Weight in water per unit length of cable 

y Depth 

p Mass density of the fluid 

co) Cable angle 
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ABSTRACT 


Two alternative methods for predicting steady-state configurations 
and towline tensions are evaluated by comparing predicted data with 
experimental data. Between the two methods, Method 1 is shown to 
provide better overall predictions of cable tension, cable angle at towing 
ship, and body depth for the bare-cable case. The best agreement 
between the experimental data and the data predicted by Method 1 is 
obtained with a cable drag coefficient of 1.5 and a tangential force factor 
of 0.02. 


INTRODUCTION ; 


The David Taylor Model Basin is engaged in a broad research program 
directed toward the development of improved experimental and analytical 
techniques fer predicting the steady-state and dynamic characteristics 
of cable-towed systems. Pursuant thereto, a project was initiated to 
determine which of the various existing methods would provide the most 
accurate predictions of the steady-state configurations and associated 
towline tensions for cable-towed bodies. The project is being carried 
out in two phases; one involving the use of bare cables and the other 
involving the use of faired cables. This report deals with the first phase, 
and is confined to an evaluation of the two methods most commonly used 
by the Model Basin. The investigation was carried out in conjunction 
with Bureau of Ships Subproject S-F006 03 02, Task 7462. 


The need for improved towing capabilities and the requirements for 
cable-towed-sonar, detection, surveillance, and decoy systems have been 
greatly emphasized by the advent of high-speed, nuclear-powered, sub- 
marines and surface ships. Also, the dncreased emphasis in ocean- 
ography and deep-water search activities indicates a greater use of cable- 
towed devices. A more exact knowledge of the configuration and forces 
produced by most of these systems will be required since they must be 
accurately located relative to the towing platform for detection, tracking, 
and fire control purposes, Furthermore, housing and power restrictions 
of many towed systems preclude the installation of instrumentation to 
monitor the towing configuration and forces during operation. 


To carry out the objectives of the subject program, the Model Basin 
equipped an existing body with special purpose instrumentation and towed 
it at sea by bare cable to obtain steady-state configuration data. The 
experimental data were then compared with corresponding values obtained 
by means of each of the two prediction methods. Based on these comparisons, 
a set of "loading functions" was selected that should result in reasonably 
accurate predictions of steady-state configurations and tensions for body- 
dominated towed systems. 


This report describes the towed system, associated equipment, and 
the experimental program used to provide the fundamental data for the 
investigation; discusses the computer program used for the analysis; 
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compares the experimental and predicted results; presents conclusions 
concerning the use of the two methods for predicting the configuration and 
forces for a bare-cable towed system; and makes recommendations 

‘for the use of a standard prediction method and associated loading force 
coefficients for the case of bare towcables. 


GENERAL CONSIDERATIONS 


The steady-state equations of a cable-body system expressed in terms 
of the hydrodynamic and hydrostatic forces acting on an element of cable 
are given in Reference 1.* A diagram showing how these forces are resolved 
is reproduced as Figure 1. Once the hydrodynamic characteristics of 
the towed body and the towing cable are known, the cable configuration and 
tension can be determined from the equations. Generally, the hydro- 
dynamic characteristics of the towed body are known or can be readily 
obtained. However, there are little data concerning the exact magnitude 
of the hydrodynamic forces acting on the element of cable. Consequently, 
the usual practice is to assume that these forces are some predetermined 
function of the angle that the cable makes to the stream. Several attempts 
have been made by investigators in the past to measure or resolve these 
cable forces®’*"*"5"", However, these attempts have been hampered by 
inadequate instrumentation to measure the minute tangential forces involved, 
as well as a variety of experimental difficulties such as mounting techniques 
to avoid gap effects, end effects, etc., and thus obtain reliable two- 
dimensional data. Furthermore, such factors as cable strands, roughness, 
and cable vibration may affect the forces on a cable. The cable strands 
and roughness may cause turbulent flow over the element of cable which 
could either increase or decrease the hydrodynamic forces depending on 
the Reynolds number. If the cable is vibrating, the effective frontal area 
is increased and hence, the forces are increased. Severe vibration usually 
occurs in bare-cable towing operations. 


Normal Force 


Tangential 


Force Direction 


of Motion 


Carat Wds 


Figure 1 - Forces Acting on an Element of Cable 


* References are listed on page 39. 
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In spite of the aforementioned uncertainties, the basic differential 
equations have been generally accepted and used, but various agencies 
have developed different expressions for the hydrodynamic loading forces 
on an element of cable. The two methods most commonly used by the Model 
Basin to predict the steady-state characteristics of cable-towed body 
systems are described in References 1 and 7, and are designated herein 
as Methods 1 and 2. respectively. The two methods are essentially the 
same but differ in the loading functions which are used. Both methods 
resolve the hydrodynamic force into normal and tangential components, 
as shown in Figure 1. The expressions used for the hydrodynamic force 
components for each method are compared in Table 1. It may be noted 
that the tangential force in Method 1 is independent of the cable angle, 
whereas in Method 2 it is a function of cable angle. 


TABLE 1 


Assumed Expressions for Hydrodynamic Force Components Used 
in Methods 1 and 2 


Rf 
R [0,083 cos d- 0.035 cas*'o] 


The Model Basin has a computer program for calculating the equilibrium 
configuration of a flexible cable in a uniform stream, The program is 
based on the differential equations of References 1 and 7 which assume 
that the velocity at the element is constant and is not affected by curvature 
of the cable. It further assumes that the cable is inelastic and offers no 
resistance to bending. When the hydrodynamic forces acting on the 
cable-body system are known, the predicted configuration may be com- 
puted to an accuracy of +0.001 percent for each integration step. The 
exact configuration, then, is primarily dependent upon the accuracy 
of the input data used in the program, The computer program is set up to 
allow a choice of the two methods to predict the cable configuration and 
towline forces. 


DESCRIPTION OF EXPERIMENTAL EQUIPMENT 


The towcable used in this investigation is shown by Figure 2 anda 
detailed description is given in Reference 9. It is a 0.350 (+0.005)-inch- 
diameter, double-armored, electrical cable which consists of two layers 
of steel armor strands surrounding an eight-conductor (four coax) 
electrical core. The under layer of armor consists of eighteen strands 
with a 2.0 (+0.2)-inch right-hand lay. The outer layer consists of 
twenty-four strands with a 3.0 (+0.2)-inch left-hand lay. Each strand is 
0.0375-inch-diameter, Type 304, corrosion-resistant steel. The cable 
weighs 0.169 pound per foot in salt water (70 degrees F) and has a 
breaking strength of approximately 10, 000 pounds. 
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Figure 2a - Towcable 


PSD 308244 


Figure 2b - Towed Body 


Figure 2—Photograph of the Towcable and Towed Body 


The towed body used in the experimental phase of the investigation is 
also shown in Figure 2. The towed body is a body of revolution constructed 
of fiberglass and is equipped with a depressing wing located on its 
horizontal centerline and has a set of control surfaces located on its aft 
section to provide the necessary stabilizing forces. Table 2 gives all the 
pertinent information of the body and cable. 


An instrument package, housed within the towed body, contains the 
transducers and electronics to measure the hydrodynamic parameters. 
A pressure transducer was used to obtain the depth. Roll, pitch, and 
cable angle at the body were obtained with pendulum potentiometers. The 
tension at the body was obtained with a strain-gage element in the towstaff, 
All the data from the body was transmitted through the towcable to ship- 
board recorders. At the shipboard end, the cable angle was measured 
with a potentiometer:transducer and the cable tension was obtained from a 
strain-gaged load cell. A modified version?° of the DIMB Mark 1 Knot- 
meter’ was used during the tests to obtain the towing speed of the ship 
relative to the water. A complete description of the instrument package 
and components is given in Reference 10. Although the tension produced 
by the body at high speeds exceeded the design measurement range of the 
tension gage by about 30 percent, it is felt that this should not significantly 
affect the accuracy of the measurements. 


TABLE 2 
Physical Characteristics of Cable and Body 
Cable 


Diameter, inches 
Weight in sea water, pounds per foot 
Number of electrical conductors 


Body 


Overall length, inches 
Maximum diameter, inches 
Fineness ratio 

Weight in sea water, pounds 


Wing 
Span, inches 
Planform area, square inches 
Aspect ratio 
Incidence angle (leading edge down), 
degrees 


Tail Fins (Horizontal and Vertical) 


Span, inches 

Planform area, square inches 
Aspect ratio 

Incidence angle, degrees 


Shroud Ring 


Diameter, inches 
Chord, inches 
Total area, square inches 
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TEST ARRANGEMENT AND PROCEDURES 


The experimental data were obtained during sea trials which were 
conducted in deep water off the Bahama Islands. Figure 3 is a schematic 
diagram of the towing arrangement. The towed body was launched from 
the ship and cable was reeled out to a predetermined nominal scope. The 
nominal scope is defined as the amount of cable in the water at essentially 
zero speed. For test purposes, nominal scopes of 100, 200, and 280 feet 
were used, 


All tests were conducted in Sea States of 0 to 1/2 to obtain as near 
steady-state conditions as possible. The roll and pitch of the body were 
monitored during the tests to insure the proper orientation of the body. 
In general, the roll angle was about zero (within +1 degree) and the pitch 
angle was about 6.degrees nose down. 


The body was towed at speeds from 2.5 to 10.5 knots with the cable 
scope held fixed at each of the three nominal values. The following 
parameters were measured and recorded: 


body depth 

body pitch angle 

body roll angle 

cable angle at the body | 

cable tension at the body | 

cable angle at the ship | 
| 


cable tension at the ship 
speed of the ship relative to the water 
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PRESENTATION OF EXPERIMENTAL RESULTS 


The experimental values of tension, depth, and angle for the three 
nominal cable scopes obtained from all of the tests are tabulated and 
presented in Appendix A. To illustrate the quality of the measurements, 
the data for a representative case (280-foot nominal cable scope) are 
presented in graphical form in Figures 4, 5, and 6. Figure 4 presents the 
measured cable tension at the ship as a function of speed. Figure 5 is the 
measured depth of the towed body as a function of speed. Figure 6 is the 
cable angle at the ship as a functionof speed. It may be noted that at speeds 
above 4 knots, there is very little scatter in the data on depth and cable 
angle. As may be expected, the tension data show more scatter since the 
cable was vibrating and the ship was pitching and heaving slightly. However, 
the faired curve should be closely representative of the mean tension values 
corresponding to any given steady-state condition. 
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TOWING SHIP 


WATER SURFACE 


TOWCABLE 


TOWED BODY 


Figure 3—Schematic Diagram of the Towing Arrangement 


CABLE TENSION IN POUNDS 


SPEED IN KNOTS 


Figure 4—Measured Cable Tension at the Ship as a Function 
of Speed for the 280-Foot Nominal Cable Scope 
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DEPTH IN FEET 


CABLE ANGLE @IN DEGREES 


100 


0 2 4 6 Peg 10 12 


SPEED IN KNOTS 


Figure 5—Measured Depth as a Function of Speed for the 
280-Foot Nominal Cable Scope 
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Figure 6—Measured Cable Angle at the Towing Ship as a Function 
of Speed for the 280-Foot Nominal Cable Scope 
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PARAMETRIC STUDIES WITH TWO PREDICTION METHODS 


Prior to making direct comparisons between measured and predicted 
results, computations were made to determine the effect of arbitrary 
parametric variations on the cable configurations and tensions computed 
by each of the two methods using the hydrodynamic characteristics of the 
body, given by the faired curves in Figure 7. The cases considered were 
for scopes of 100, 200, and 280 feet. For Method 1, cable drag coefficients 
CR of 0.8, 1.5, and 1.8 in combination with f values of 0.01, 0.02, and 
0.03 were used for the computations. For Method 2, cable drag coefficients 
of 0.8, 1.5, and 1.8 were used. The results of these computations for 
Methods 1 and 2 are presented in tabular form in Appendixes B and C, 
respectively, and selected representative cases (280-foot scope) are 
shown in graphical form in Figures 8 through 13. 


The effects of variations of Cp and f values on the depth y, net tension 
T-T,, and cable angle @ are summarized for the two methods by Table 3. 
The values in the table correspond to the case of a cable scope of 280 feet 
and a speed of 11 knots, The net tension T-T, is the difference between 
the tension at the ship T and the tension at the towed body Tg. Consequently, 
it is due only to the hydrodynamic and hydrostatic forces acting on the cable, 


TABLE 3 


Effect of Parametric Variations on 
Predictions with Methods 1 and 2 


(Values are for a speed of 11 knots, a scope 
of 280 feet, and a tension at the body of 
637.0 pounds) 


Table 3a - Effect of Variation of CR 


‘Method 1 (f = 0.02) | Method 2 
CR 
0.8 


oe 


125.5 Tee 153.4 120 onan Mab 
10.4 110.8 207.1 10.9 
9.0 99.9 245.5 


eS 
1.8 


Table 3b - Effect of Variation of f 


- Method I(Cp = 1.5) 
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Figure 7a - Cable Angle 
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Figure 7—Measured Cable Angle and Tension at the Body as 
a Function of Speed 
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Figure 8—Method 1 - Effect of Variation of f-Value on Tension at Ship 
for a Drag Coefficient of 1.5 and a Cable Scope of 280 Feet 


Lz 


#4 ; 

a Hi me 

: mpegrete? yr ee 
6 


vee? |e 


i) 
: - v7 
r i 
ws ta) 
a ee ee | 
Vi) 1) ae Fi 
{ 7 L 


i : 


' 
| : 


TOMnOne Lye YS i i dap 


esi rae Heine TS: 06 eee LV Ny spete 7 Unt ied oh oma 


preate Miyeeue ¥ TS OR ee ee geet ge ret 1 


BODY DEPTH IN FEET 


CABLE ANGLE @IN DEGREES 


SPEED IN KNOTS 


Figure 9—Method 1 - Effect of Variation of Drag Coefficient on Body 
Depth for an f-Value of 0.02 and a Cable Scope of 280 Feet 


SPEED IN KNOTS 


Figure 10—Method 1 - Effect of Variation of Drag Coefficient on Cable 
Angle at Ship for an f-Value of 0.02 and a Cable Scope of 280 Feet 
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CABLE TENSION IN POUNDS 
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Figure 11—Method 2 - Effect of Variation of Drag Coefficient on 
Tension at Ship for Cable Scope of 280 Feet 
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Figure 12—Method 2 - Effect of Variation of Drag Coefficient on 
Body Depth for Cable Scope of 280 Feet 
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Figure 13—Method 2 - Effect of Variation of Drag Coefficient on 
Cable Angle at Ship for Cable Scope of 280 Feet 
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For Method 1, within the range shown in Table 3, the variation in 
CR has a significant influence on all three quantities. However, the 
variation in f has little effect on depth and cable angle but has considerable 
influence on the net tension. Thus, if a drag coefficient is selected to 
give good agreement between predicted and measured values of depth and 
cable angle, a value of f can be selected which will give good agreement 
on net tension as well. 


For Method 2, within the range shown in Table 3, the variation in 
Cr also has a significant influence on all three quantities. In this case, 
the only value that can be changed in any given computation is the cable 
drag coefficient. Consequently, if good agreement cannot be obtained 
with one value of drag coefficient for all three quantities, then changes in 
the drag coefficient to improve the agreement with one of the quantities 
will result in poorer agreement with the other two quantities. 


COMPARISON OF MEASURED AND PREDICTED RESULTS 


Since the towpoint at the ship was above the water surface, the length 
of the cable in the water changed with ship speed. Nevertheless, for 
simplicity, the nominal scopes were used in making comparisons between 
the measured and computed values. This simplification is considered 
justified in view of the scatter in the experimental data. 


Based on the computer study described by the preceding section, 
selections were made of the numerical values of the pertinent parameters 
to be used in the predictions involving each of the two methods. The 
selected values were those which gave the best overall fit to the measured 
data on cable tension, cable angle, and body depth. On this basis, a Cp = 
1.5 in combination with an f = 0.02 was found to be best for Method 1 and 
a Cp = 1.5 was found to best for Method 2. The predictions based on the 
selected values for each method (Tables 10e and 13b) are compared with 
the measured data (Table 7) in Figures 14, 15, and 16 for the nominal 
cable scope of 280 feet. In addition, the differences between the predicted 
and measured data (faired curves) for the three nominal scopes are 
summarized in Table 4 for a speed of 10 knots. 


TABLE 4 


Difference Between Predicted and 
Measured Data at a Speed of 10 Knots 


100~-foot scope 200-foot scope 280-foot scope 
Method 1} Method 2 {Method 1] Method 2] Method 1}{ Method 2 


=5 25 20 80 25 110 
2 2 2 2 3 4 
Slee |e 3.0 3.0 3.5 4.0 


NOTE: Positive values signify that the predicted value is larger than 
the measured value. The predicted values are based ona Cp of 1.5 
and an f of 0.02. 


Parameter 


Tension, lb 
Depth, ft 
Angle, deg 
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Figure 14—Comparison of Measured and Predicted Cable Tension at the Towing Ship 
as a Function of Speed for a Nominal Cable Scope of 280 Feet 
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Figure 15—Comparison of Measured and Predicted Body Depth as a Function of 
Speed for a Nominal Cable Scope of 280 Feet 
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Figure 16—Comparison of Measured and Predicted Cable Angle at the Towing Ship 
as a Function of Speed for a Nominal Cable Scope of 280 Feet 
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Figure 14 and Table 4 show that the total tensions predicted using 
Method 1 are in close agreement with the measured values. For the 
280-foot scope, the agreement is within about 4 percent at 10 knots. 

On the other hand, the total tensions predicted using Method 2 are sub- 
stantially higher than the measured values. For the 280-foot scope, the 
predicted value is about 17 percent higher than the measured value at 

10 knots. It should be noted that these comparisons are based on the 
total tensions rather than the net tensions discussed earlier. As such, 
they include the tension due to the body and the weight of the towcable as 
well as the contribution of the hydrodynamic force acting on the cable. 


Figure 15 and Table 4 show that both methods provide reasonably 
close predictions of body depth over the entire range of speeds and 
scopes investigated. 


Figure 16 and Table 4 show that the predictions of the cable angle 
obtained by both methods are in close agreement; however, the predicted 
angles are slightly larger than the measured values except for the 100- 
foot scope. 


Although the total tension predicted by Method 1 is in close agreement 
with the measured values, it should be understood that even for the 
280-foot scope, the total tension at the ship is due predominantly to the 
forces acting on the body rather than on the cable (body-dominated system). 
This is typical of a wide variety of cable-towed body systems. However, 
there are some systems of interest that are essentially cable dominated. 

It is believed that an additional set of specialized experiments should be 
conducted to provide data to validate a prediction method for this type 
of system. 
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CONCLUSIONS AND RECOMMENDATIONS 


Based on an evaluation of two alternative methods for predicting 
steady-state towing configurations and towline tensions of a cable-body 
system towed by bare cable, and comparisons made between predictions 
and measurements obtained from towing experiments conducted at sea, 
the following conclusions are drawn: 


1, Within the range investigated, Method 1 is the best of the two 
methods from the standpoint of providing better predictions of both the 
steady-state tensions and configurations for a body-dominated cable- 
towed-body system utilizing bare cable. 


2. Using a cable drag coefficient CR = 1.5 and a tangential force 
factor f = 0.02, Method 1 can be used with reasonable accuracy to predict 
the cable tension, the cable angle at the towing ship, and the body depth 
for the case of a body-dominated system utilizing a bare cable. 


3, Using a cable drag coefficient CR = 1.5, Method 2 can be used 
to predict the body depth and the cable angle at towing ship, but will 
tend to predict cable tensions that are too high in the case of a body- 
dominated system utilizing bare cable. 


4, Additional experiments are required to determine whether 
Method 1 can be extended to the case of a cable-dominated system. 


In view of the foregoing, it is recommended that Method 1 (using 
values of Cp = 1.5 and f = 0.02 until further notice) be adopted as the 
standard procedure for making predictions of steady-state configurations 
and tensions for body-dominated towed systems using bare cables. 
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APPENDIX A 


EXPERIMENTAL DATA FOR BARE CABLE 
WITH NOMINAL SCOPES OF 100, 200, AND 280 FEET 
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TABLE 5 


Experimental Data for Nominal 
Cable Scope of 100 feet 


Speed, De pth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
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TABLE 6 


Experimental Data for Nominal 
Cable Scope of 200 feet 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
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TABLE 7 


Experimental Data for Nominal 
Cable Scope of 280 feet 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 


WWW WwW NNN DN 
eo) ~xe, fe) ‘e es e® @ e 
Om oP aRAOPO JIM 


NOC 


4. 
4. 
4. 
4. 
4 

No 
5 

Do 


JIN ODO 
O00 +I) 


24 


re 
. 
- 


a a ee 


[oes OS gery om tee 


~* . 


- ? 


= 


so=o5. 4 ee AS eee 


= “4 aS 


=. 


-~ =» £ 


APPENDIX B 


DATA COMPUTED BY METHOD 1 
FOR CABLE SCOPES 
OF 100, 200, AND 280 FEET 
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TABLE 8 


Data Computed by Method 1 fora 
Cable Scope of 100 feet 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 


(a) Cable Drag Coefficient CR = O56) 2S O01 


(b) Cable Drag Coefficient Ce = 0,8 r= 0,02 


-{c) Cable Drag Coefficient CR = 
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TABLE 8 (continued) 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(d) Cable Drag Coefficient C, = 1.5, f= 0.01 
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TABLE 8 (continued) 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots TeeE pounds degrees 


(g) Cable Drag Coefficient Cpe 1,8 %2 O0,@.l 
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TABLE 9 


Data Computed by Method 1 for a 
Cable Scope of 200 feet 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(a) Cable Drag Coefficient Cr = 0,8 #5 O01 


(b) Cable Drag Coefficient C,, = 0.8, f= 0.02 
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TABLE 9 (continued) 


Speed, De pth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(d) Cable Drag Coefficient Cp = 1.5, f= 0.01 
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TABLE 9 (continued) 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 


(g) Cable Drag Coefficient Cp = 1.8, f= 0.01 
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TABLE 10 


Data Computed by Method 1 for a 
Cable Scope of 280 feet 


Speed, De pth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(a) Cable Drag Coefficient Cr FO) s Ps OPO 
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TABLE 10 (continued) 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(d) Cable Drag Coefficient Cp = 1.5, £= 0,01 


(e) Cable Drag Coefficient Cp, = 1.5, f= 0.02 
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TABLE 10 (continued) - 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 
(g) Cable Drag Coefficient Cp = 1,8 #2 O,0i 


(h) Cable Drag Coefficient Cp = i,8 t= 0,02 
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APPENDIX C 


DATA COMPUTED BY METHOD 2 
FOR CABLE SCOPES 
OF 100, 200, AND 280 FEET 


5)5) 


ule Powe 
Vay ahi ah a \ ifs 


ie: ee ea TU MOD 
| Pek Tetet aa a 
et Oss THA (00s Or ’ 3 


TABLE 11 
Data Computed by Method 2 for a 


Cable Scope of 100 feet 
Speed, Depth, ‘Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 


(a) Cable Drag Coefficient Ce = 0.8 
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66.4 507.8 24.7 
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TABLE 12 


Data Computed by Method 2 for a 
Cable Scope of 200 feet 


Speed, Depth, Cable Tension at Ship, Cable Angle at Ship, 
knots feet pounds degrees 


(a) Cable Drag Coefficient Cr 


(b) Cable Drag Coefficient Cr = 


(c) Cable Drag Coefficient Cp = 1.8 
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TABLE 13 
Data Computed by Method 2 for a 


Cable Scope of 280 feet 
Speed, Depth, Cable Angle at Ship, 
knots feet degrees 
(a) Cable Diae Coe fficient C. 


Cable Tension at Ship, 
pounds 
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